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INTRODUCTION

The purpose of this project is to conduct thé necéssary
research for the preparation of unsaturated organic compounds
contalning fluorine, and, when synthetic methods have been
developed, to prepare various fluorogleflns which may glve
elastomers which are oill and fuel resistant and which retain
thelr elasticity at low temperatures.

It 18 estimated that 100% of the work has been completed
to date and that 98% of the estimated costs have been incurred
to date.

This research 1s authorized under Contract Number
DA-19-129-AMC-79(N) and 1e a further continuation of the
work initiated uunder DA-44-109-QM-:,22 and countinued under

‘DA-44-109-QM-IU69 and DA-19-129-QM-500,

This is the 6th report under the contract but the 53rd

since the project was initiated in 1951.

II. SUMMARY OF CURRENT PROGRESS

Work has continued on some aluminum chloride catalyzed
additions of polyhaloalkanes to haloolefins. Additional
work has been done using perfluoroallyl systems.

Nltrosylwéhloride has been allowed to react with some
fluorodienes to give a nitroso derivative in one case (but

to give a suspected Dlels-Alder adduct when the diene was

conjugated).
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free radical additions of haloalkanes to various olefins
nave been attempted and in some cases reactious of the pr
investigated.

The free radlcal addition of haloalkanes to aromatic
nuclel has been continued and terminated.

Some Diels~Alder additions between cyclopentadiene and
some haloglefins has been effected, and the preparation of

some fluoronorbornadienes from the products has been attempted.
III. DISCUSSION

Aluminum Chloride Catalyzed Additions of Polyhaloalkanes to

Haloolefins

Further work has been Jone on the additlon of CFCl3 to
CFCl=CFCl* in an effort to elucidate the possible mechanism
involved. It was shown that pure CFC1=CFCl did not rearrange

to CF2=CC12 under the influeunce of AlClB. Neither were any

other olefins formed by replacement of fluorine atoms by

chiorine,

Addition of CFCl, to pure CPC1=CFCl gave a 72% yleld

3
of the expected adduct, 03015F3° N.m.r. spectroscopy has

shown this to cousist of CFZCICFClCCI3 (81%), CFClZCFClCFC].2

(18%), and CF CC120C13 (i¢). Isomerization of this material

3

by AlCl, in CCln gave chiefly the replacement product,

3

ey o d
C3C16‘2* although enough rearranged 03015F3 was recovere

for n.m.v. anaiysis. The latter materisl consisted of

*CF01=CFCI, prepared from zinc dehalogenatlon of crude Freon
112, was found to contain ca. 3% CF,=CCl,. This arose from
the presence of ca. 3% CF,C1CCl, in“the &rude Freon 112.
Pure CFC1l=CFCl was obtaingd by gubjecting the crude olefin
mixture to the action of sodium ethoxide in ethanol. This
selectively removed the CF2=C012 to give pure CFC1l=CF(Cl.
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CF2c1CFc1cc13 (95%) and CF c0120013 (5%). Hence, the

3
CFCl?CFCICFCI2 wes completely rearranged to the

CFZCICF010613. This type of AlCl3 catalyzed rearrangenent

also occurred with the C,C16F2 fractlon formed in this
addition reaction. The .nitially formed material consisted

of CF2C100120013 (46%) and CFC1,CFC1CCl 54%). The C Cl¢F,

3 3

isoiated as the major product from isomerization of CBCISFB

consisted of only CF201CCI CCl,.
4

2
The followlng scheme 1s proposed to account for these

data:
8 2
CF + ___g + l
c13 A1013 > c013 AlCl3F (1.)
® @
c + =CF i
c13 CFC1=CFCl F———a 00130 C1CFC1 (2)
) p
c + +
C 13CFC1CFCl A1c13F P am— CClBCFCICFZCl A1013 (3)
9 e
CFC13 + AlCl3 3———9 CFCL,” + AlCl, (4)
CF'312$ + CFC1=CFC1 — CF0120F01CF01e (5)
. & ) .
CPCL,CFCICFCL” + A1C1, ?r——é CFC1,CFC1CFCL, + A1013 (6)
Aici
CFC1.,CFCICFCL 3 . CF.CLCFC1CCL (7}
2 2 S 2 3

From the fact that (7) is an irreversible rearrangement
it 15 concluded that (4) (followed by (5) znd (6)) must
be operative to some extent siace there was produced initially
18% CFC1,CFC)CFCl,, which can only arise in this manner,

An attempt was made vo detect the CFClz6 cation using F19
n.m.r., dut scanning a mixture of CFCl3 and Al1Cl, at both

3
high and low fields gave no evidence for anything other
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than CFCIB. This however is not proof of the total absence

of this 1lon.

3 to CF2=CrBr was

3 ,BTCF,CCL, (44Z) in

5 hrs. In an effcrt to determine the effect »f the reaction

Previcusly (1) the addition of CFCl
shown to give CF CFBrCCl3 (56%) and CF
time on possible isomerization of these 150uers, ancother run
was made (70 hrs,.,) and the product consisted of these lsomers
in 57 and 43%, respectively. It was concluded that in this
case essentially no further change in the isomer distribu-
tion occurred in the presence of AlCl.,. Hence, 1t appears
that each reaction must be considered/separately as the
mechanism apparently differs with the olefin used,

Further attempts to extend this type of addition reac-
tion to alkanes other than CFCi3 znd CHFCl2 were still un-
successful (2), Treatment of CF,Br, and CF,=CCl, with
AlCl3 gave no reaction. A repeat of the attempted addition

{(3) of CF201CFC1 to CFC1=CFCl was run to check the possi-

2
bility of alkane rearrangement. Previous workers (4-7) have
shown that CF201CFC12 readily rearranges to CF3C013 or under-
goes replacement reactiouns, but these were all done at reflux
(47°). Under carefully controlled temperacure concitlons
(24-7°) 1t was found that neither addition nor rearrangement

(as determined by n.m.r.) occurred. A very small amount of

CF2C1CCI was obtained.

3

Perfluoroallyl Systems

As part of the continulng study of reactions of the
3-halopentafluoropropene system, further work was done in

an attemps to lmprove the yleld of the ether,
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CH2=CHCH OCF CF=CF2, which was formed when CF2=CFCF2C1 was

2°7°2
treated with KOH in allyl alcoihol. It was previcusly (8)
shown that this was ounly 19% of the product mixture. It.
wag felt that reaction of sodium allyloxide in the absence
of & hydrogen donor would give this desired ether in much
better yield., However, reaction in dloxane and acetone

gave no product at all. Apparently the sodium allyloxide
was too insoluble in these solvents. Attempts to find a
solvent for this salt which did not contain lablle hydrogens
were unsuccessful., These included methyl ethyl ketone,
N,N-dimethylforunamide, dimethylsulfoxide, and t-butanol.

The reaction of CF_=CFCF,Cl with allylmagnesium bromide

2 2
was successfully carried out to give two new materlals:

C6H5C1Fu, probably a mixture of CH2=CHCHZCF2CF=CFC1 and

CH2=CHCHZCF=CFCF201, and C9H10F4’ CHZ=CHCHZCF=CFCF2CHZCH=CH2.

No CH.=CHCH,CF,CF=CF, was detected. The following scheme 1s

2 272 2
proposed to account for these products:

P
RMgBr + CF_ =CFCF,C1 ——> !R—~CF CFCF ci} (1)
(R=A11y1) 2 2 S
MgBr
RCF,CFCF,C1 ——) MgBrCl + RCF,CF=CF, (23
{
MgBr

m  ———3 MgBrF + RCF,CF=CFCl + RCF=CFCF,C1 (3)
2 2

RMgBr + RCF,CF=CF, —> RCszFCFzR (&)
MgBr
BCFZfFCFZR ——>) MgBrF + RCF=CFCF,R (5)
MgBr
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This high reactivity of the trifluorovinyl group was also
apparent in the reactions of alkoxide systems with CF2=CFCF201.

In the previous report (10) the adduct formed by
addition of CHFCl2 to CFCl=CFCl was given as CFZClCFClCHCI2
(70%), CF,CLCHFCCly (252), and CF4CCL,CHCL, (5%). On the
basis of more careful n.m.r. calculations, the assignments
for this second isomer more closely fit CF2010012CHFCl
(F17, relative to TFA, had doublet doubled at -19.6 ppm,
J=14.6, 9.2 cps, rel., area 2.6, and a triplet doubled at
+54.9 ppm, J=49.2, 15.3 cps, rel. area 1.5; H: relative
to TMS, had doublet at ca. 3.47, J=U48.3 cps).

Preparation of Fluoronitroso Compounds

In the present work an attempt was made to prepare
a series of nitroso compounds containing another functional
group. Therefore, the reaction of CF2=CFCHZCH=CH2 and
nitrosyl chloride was effected to yield
CH=CH,.

2 2
The diene was prepared by the known route (11) of

CF_,C1CF(NO)-CH

2

2BrCFClBr to allyl chloride, followed by

dehalogenation By the usual procedure (12) the addition

addition of CF

of nitrosyl chloride to the dlene was predominantly at the
CF2=CF— grouping. The yleld of nitroso c:mpound was poor

and nearly 30Z of the starting diene was recovered when
equimclar proportions of nitrosyl chloride and diene were
used, but 1if an excess of nitrosyl chloride was used several
unidentified high boiliung products were formed. The infrared
spectrum of the high boiling products showed absorption at
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5.55qard 5.78,, compared to N—O and ~HC=CH- absorption of

<t

he nitroso adduct at 6.3larand 6.;*<Wweak) respectively.
The nitroso adduct was decomposed by air and heat from a
blue 1iquid through green and yellow to give finslly a dark
brown viscous liquid. The compound was sufficlently stable
to ellow gas chromatographlic separation at 50-600.

The reaction of CF2=CFCH=CH2 with nitrosyl chloride
has been studied in this laboratory before and a very small
amount of blue liquid was obtained, but no further work was
done. In the present work the addition was attempted using
aluminum chloride and D.M.F. as solvent as before. Orange
or light green colored reaction mixtures were obtalned
depending on conditions used, but in both cases the low
boiling nitroso compound was a minor product, the major
product (>95%) belng a colorless high boiling compound.
This main product showed absorption in the infrared spectrum
of 5.78, and 6.05, but the structure is still under lnvesti-
gatlion,

The reaction of CF2=CFCH=CHCF3 with nitrosyl chloride
also gave a high boiling colorless product rather than a low
boiling blue nitroso compound., The main product had absorp-
tion peaks in the infrared spectrum at 5.8q}4and 6.0§/<,

respectively.

The Free Radical Reactions of Haloalkanes with Olefins

CCIBCFZCFzBr, prepared by addition of CCIBBr to
tetrafluoroethylene in the presence of benzoyl peroxide,

18 to be treated with ethylene in the presence of benzoyl

peroxide.
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1,2-Dibromohexafluorocytlobutane and CF_ BrCFHBr did not

react with ethvlene in the nregence of henzovl neroxide
d - - - - osw r vvvvvvvvvv d o d ..nvu"- rvsv“-‘v.
éEler? mma cemom TmealalaM =3 Lliammesle AT TATY T a8 Lo oo e e
LUOYLIENe WaS UUUOLI8U TnTOUgN UL ill,i aud UENIZOYi PET-

oxide at 100°, but no higher boiling product was detected.
An attempted reaction of the same nmixture at 100° 1n an
autoclave gave less than 1% higher boiling preduct. An
autoclave reaction at 220° gave a polymeric solid which
gave no liquid product on attempted dehydrohalogenaticn,
This is in contrast to the literature, when ethylene and

CF,ICF,I in the presence of benzoyl peroxide at 220° gave

272

CFZICFZCHZCHZ

A serles of compounds, CFzBrCFzBr, CFBCFBrCFZBr, and

I in 80% yield (13)

CF.,CFBrCFBrCF
F3 rCFBr 3

of benzoyl peroxide. BReaction of the first dibromo-compound

were treated with ethylene in the presence

gave a 30% yleld of CF,BrCF,CH,CE,Br, CF3CFBrCFzBr gave a
51% yield of 1:1 adduct which was identified as

CH BrCHZCF(CFB)CFzBr rather than CF3CFBrCF2CHZCHZBr. The

2
last dibromide, CFBCFBrCFBrCF3 gave no reaction with ethylene
in the presence of a 0.01 molar proportion of benzoyl per-
oxide. When the proportion of benzoyl peroxide was increased
to greater than a 0.04 molar proportion, perfluorobutene-2

and CH.BrCH.Br were isolated in 29% and z1% yleld respectively.

2 2
This result is somewhat similar to the reaction of
CFC1BrCFC1Br with ethylene under free radical conditions
when CFC1=CFCl was 1solated in 20% yleld (14).
The addition of CFBCFBrCFzBr and CFZICFZI to allyl
chloride in the presence of benzoyl peroxide gave no higher

boiling products. Similar results were obtained previously
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when CFBCFZCCI3 2

with allyl chloride (14). 1In contrast aliyl chloride was

and CF ClCF20013 were allowed to react

allowed to react with CCljBr and CFzBrCFClBr under free

radical conditions to produce CClBCHZCHBrCHZCl (15) and

CFzBrCFCICHZCHBrCH201, respectively.

CFBCFBrCrClBr and CF2 2

ethyl ether, in the presence of benzoyl peroxide under the

BrCF,Br do not react with allyl

conditions employed. This is in contrast to the reported

reaction of CCIBBr and CF2

ether under free radlcal conditions (16) to produce

BrCFC1Br with the unsaturated

2CHBrCHZOCzﬂ5 and CFZBrCFClCH2

respectively.

CHBrCHZOCZHS,

CClBCH

Addition of 1,3-butadiene to 1,2-dibromohexafluorocyvclo-
butane and lodotrifluoromethane were attempted under free
radical conditions. In the former reaction no high boiling
products were formed, and in the latter reaction a polymeric
solild, lodire and a low boiling gas only were detected.

Vinyl 1odide was prepared by addition of iodine to
ethylene followed by dehydroiodination. The product and
tetrafluoroethylene were exposed to sunlight, but most of
the tetrafluoroethylene was recovered. The only other
product 1solated was a very high boiling viscous mixture.

No simple 1l:1 adduct was formed.

Allyl jodide was allowed to react with tetrafluoro-
ethylene in the presence of benzoyl peroxide to yield four
main products which nave been identified as CHBCHICHB,

CH,=CHCH,CF,CF

2 oCF,CF,I, CF,ICF,I, and suspected

2
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=C;7 =
CH2 Ci'CH CFZCFZCH‘CH—CHZ.

2 The yield of 1:1 adduct was
increased from 20% to U407 when the reaction time was halved.

Addit

Pt

via a Grignard resgent. Thus vinyl magnesium chlcride and
allylmagnesium bromide were allowed to react with
1l,2-dijodotetrafluoroethane. The former reaction gave one
product which is consistent with vinyl iodide. The latter
reaction also gave a siugle product, which appears to be
allyl iodide, but further confirmation is in progress.

The preparation of nitroso compounds of dehydrohalo-
genation products of two of the adducts previously prepared

was attempted. No nitroso compcund was formed when

BrCFZCF2

presence of mercury and sunlight. A reaction under similar

CH=CH,, (17) was treated with nitric oxide in the

conditions using CFZICFZCHZCH=CH2 gave a blue color indica-
tive of a nitrosc compound, which was dlscharged when the
product was brought to amblent in the presence of oxygen.
The reaction is to be repeated and the product purified
under a nitrogen atmosphere.

Octene~1 has been reacted with CFBCFZCCIL3 under free
radical conditions to give two high beiling products which
are being identifled.

Dehydrohalogenation of CCIBCFZCFC1?HZCHZBr (14) gave

only one product which was identified as CC1,CF,CFC1CH=CH,.
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Attempted Formation of Radicals from CF,.CLCFC1lI and

2
CFZBrCFClBr and Their Reaction in situ with Aromatic Nuclel

Since the previous report the only aromatic compounds
used have been benzene and pentafluorobenzene. The former
was used in attempts to increase ylelds of products and the
latter in attempts to prepare perfluorostyrene. All cxperi-
ments were carried out in Fischer-Porter tubes heated on an
oil bath.

There was no detectable reaction between benzene and
CFZBrCFClBr when heated alone, therefore, an experiment was
carried out in the presence of a 1/10 molar proportion of
benzoyl peroxide as an initiator. Two high boiling products
were detected by v.p.c. which corresponded to bromobenzene
and suspected 06HSCF01CF2Br (as isolated from a previous
experiment). They formed 6% and 5% of the volatile products
respectively. Non-volatile products, which may include
derivatives of benzolc acid, were not examined.

It has been shown previously that reaction of benzene
C1 up to 24%.

with CF,C1CFC1I gives ylelds of C6H5CFCICF

2 2
As benzoyl peroxide seems to assist the reaction of benzene

and CF,C1CFC1Br, it was used in a comparison exneriment in

2
an attempt to increase the yield of C6HSCFCICF201 from
benzene and CF201CFCII. A blank experiment in which on.y
benzene and CFZClCFCII were heated was run uunder identical
conditions. The former experiment showed an 13% conversion
to higher boiling products compared to the conversion in

the latter which was only 2%, The higher beiling product

from the former experiment was a siungle pesk on a silicon
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gum packed gas chromatography column at 180°, but on the
same packing at 100° 1t separated into twe peaks in the
ratio of 18:82. The minor component was identified as
lodobenzene and the major component was ldentified as
C6HSCF01CFZCI by gas chromatographic reteutlion time.
Therefore, the overall conversion to C6H5CFC1CF201 was
14.8%7 in the benzoyl peroxide initiated reaction but in
the blank experiment the conversion to C6H5CFCICF201 was
only 2%.

An experiment to compare the reactivity of benzene
and lodobenzene (i.e. ease of removal of hydrogen and lodine
atoms from an aromatic nuclei) with CFZCICF01I was attempted,
but conditions were too mild to detect any reaction in either
case,

A different approach was next used in an attempt to
increase the yleld of C6HSCFCICF201 from benzene and
CF2C1CFC1I. Rather than use a free radical source as an
initiator, the reaction was carried out in the presence of
a metal which would easily take up the liberated lodine
atoms (viz. mercury and copper dust). A blank experiment
was again run under identical conditlons for comparisoun.

The blank experiment showed a 2.3% conversion to

06H5CF01CF Cl, whereas the experiment in the presence of

2
mercury showed a 9.3% conversion to a higher boliling product
corresponding to 0635CFCICF201. The experiment, in the

presence of electrolytic copper dust, could not be compared

directly as the organic liguid formed a slurry with the dust.




In the previous report it has been sho'n that penta-
fluorobenzene and CFZCICFCII did not react alone. In a
preliminary reaction of pentafluorobenzene and CF,ClCFC1IY
in the presence of benzoyl peroxide there was 2 £
sion to a higher boiling product, Therefore, tihiree comparison
reactions were set up under identical conditions. The first
tube (1) contained pentafluorobenzene, CF,C1CFC1I in equi-
molar proportions and 0.425 molar proportion of benzoyl
peroxide., The second tube (2) contalned pentafluorobenzene
and CcmICFCII in equimolar proportions and a 0.2 molar
proportion of benzoyl peroxide. The third tube (3) contained
pentafluorobenzene and CFZBrCFCIBr in equimolar proportions
and 0.2 molar proportion of benzoyl peroxide. The percen-~
tages of high boiling products from gas chromategraphic
peak areas were (1) 27%, (2) 8%, (3) 23%. The high boiling
product was isolated from (1) by gas chromatography and was
shown to be lodobenzene by iunfrared spectroscopy. The major
high boiling product from (3) had the same gas chromatogra-
phic retentlion time as bromobenzene, The minor product of
slightly longer retention time than bromobenzene was in
insufficient quantity for identification., Only volatile
products were investigated.

As this whole series of experiments, using CFZBrCFC1Br
and CF2C1CFC11 as sources of radicals to react with aromatilc
nuclei to form ethyl benzenes, gave poor ylelds, this route

to styreunes has been aboudoned,
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Additions of Cyclopentadiene to Varicus Fluoro8lefins

In the previous report cyclopentadiene was allowed
to react with CFC1=CFCl but no product could be isolated.

In order to test the procedure the previously known Diels
~Alder addition of cyclopentadiene and perfluoropropene (18)
was attempted and the adduct isolated in 197 yield. Similar-
ly, perfluorobutene-2 was allowed to react with cyclopenta-
diene and the adduct was formed in 88% yield. The adduct

gave a consistent infrared, and 19? n.m.r. spectra and
elemental analysis; decolorised a bromine solution and was
oxldized by potassium permanganate. The proton n.m.r. spectrum
showed a Diels-Alder (1,4-) adduct rather than a 1,2- adduct
(19).

Dehalogenation of the Diels-Alder adduct, 5,6-difluoro-
5,6-bis(trifluoromethyl)-norborn-2-ene was attempted using
zinc in isopropanol, but only starting material was detected.
Dehydrohalogenation was attempted by dropping the adduct
on tc molten potassium hydroxide. It was thought that if
the bridge-head carbonium ion could be formed that it might
rearrange, but only starting material was recovered in 84%
yield,

As the Diels-Alder adduct from perfluorobutene-2 could
not be dehalogenated, a Diels-Alder addition between cyclo-
pentadiene and 2,3~dichlorohexafluorobutene-2 was attempted.
The reaction mixture showed starting materials, dicyclo-
pentadiene (trace) and adduct by gas chromatography. The
product was 1solated (33% conversion) as a white waxy solid

which easily was oxidized by potassium permanganate and
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decolorised a bromine solution. A consistent infrared spectrum

and elemental analysis were obtained for au adduct, which from

tJ

~Alder

-
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n

the proton n.m.r, spectitum was shown tc be a
adduct, 5,6-dichloro-5,6-bis{trifivoromethyi)-norboru-2~cne
(19). The pure product gave an unsymmetrical gas chromato-
grarhlc peak,

Dechlorination of the adduct was attempted by two
methods. The hydrocarbon nornornadiene has been prepared
by addition of cyclopentadiene to sym-dichloroethylene
followed by dechlorination by magnesium iodide in ether (20).
Dechlorination of 5,6-dichloro-5,6-bis{trifluorcomethyl)-
norborn-2-ene was attempted under identical conditions, but
only trace quantities of product were detectad by gas
chromatography and a quantitative ylield of starting material
was recovered, The second dechlorinaticn route attempted
was using activated zinc in isopropanol. The dechlorination
product was formed in at least 86% yield and was 1dentified
by iunfrared spectroscopy as 2,3~bis{trifluoromethyl )norborna-~
diene. Thils product was also obtained from addition of
cyclopentadiene to hexafluorobutyne-2.

Hexafluorobutyne was prepared by a known route (21).
The addition between cyclopentadiene and hexafluorobutyne
was faclle and the adduct was formed in 84% yield, the
remeinder being low bolling starting materizl and a trace
of dicyclopentadiene. The pure adduct was oxidized by
potassium permanganate and decolorized bromine., The adduct
had a conslistent infrared spectrum, particularly the medium

T =
intensity absorption at 5.9;,(attributable to C;Blp Q;CFB'
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The elemental analysis was consistent for the adduct. The
proton n.m.r. spectrum was consistent for a Diels-Alder
adduct, 2,3-bis(trifluoromethyl)norbornadiene.

The addition of cyclopentadiene to sym-dichlorodifluoro-
ethylene was attempted at 150° on a small scale. A shoulder
was noticed on the dicyclopentadiene peak. The reaction
was therefore repeated at 1700, at which temperature dicyclo-
pentadiene cleaves to give the monomer. This reaction
increased the yield of the shoulder so that it became larger
than the dicyclopentadiene pesk. An autoclave reaction of
the 0.5 molar scale gave an 11,5% conversion to the adduct,
the major product being & highly viscous high boiling liquid,
which crystallised on standing. Identification of the latter
product has not been attempted, although from the similarity
of its infrared spectrum to the Diels-Alder adduct and from
previcus literature, it is suspected to be the product of
further additlion of cyclopentadiene.

The product formed in 11.5% yleld, whichk was a low
melting solid, which was cxidized by potassium permanganate
solution and decolorized dbromine. It gave a counsistent
infrared spectrum and elemental analysis for an adduct,.

The proton n,m.r. rpectrum was consistent for the 1,4-adduct,
5,6-dichloro-5,6-difluoronorborn-2-ene {(19}. The 1% N M. T,
spectrum was inconclusive.

As dechlorination of §,6-dichloro-5,6-bis{trifluoro-

methyl)norborn-2-ene was easily effected by activated Zinc

in iscpropanol, the same system was used in an attenn, o

dechlorinate 5,6-dichloro-5,6-difluoronorborn-2--v.ue. The

starting material was recovered in 95.5% yield.
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The addition of cyclopentadiene to trifluorcethylene

was attempted, as dehydrofluorination of the adduct should
give the gsame product as the dechlorination attempted on
5.6-dichloro-5,6-difluoronorborn-2-ene. Initial attempts
at the addition on a small scale gave recovered olefin in
from 92-76% yleld. It was noted in these experiments that
there was always a minor product of sultable gas chromato-
graphic retention time for an adduct, Also an increase in
reaction temperature gave a decrease in the percentage of
unchanged olefin recovered. In this whole series of experi-
ments 1t was found that the autoclave reaction where the
whole vessel was heated gave superior yields to the small
scale experiments in Fischer-Porter tubes where only part

of the vessel was heated. Also additions that had to be
effected at higher temperatures gave poor ylelds of simple
adduct accompanied by higher boiling products.

An autoclave addition of cyclopentadiene and trifluoro-
ethylene was carried out at 165° and 53% of the uanchanged
olefin was recovered, The adduct, which was a waxy solid,
was formed in 33% yileld based on unrecovered olefin, the
major product being a high boiling liquid which was not
identified. The purified simple adduct was oxidized by’
potassium permanganate and decolorized bromine. It gave
consistent iInfrared spectrum and elemental analysis for an
adduct, The 19F n.m.1.. spectrum indicated a mixture of two
isomers of 5,5,0-ctriflucronotborn-2-ene, but the recotan

n,m.r. spectrum was inconclusive,
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Dehydrofluorination of the adduct was attempted using
agueous and alcoholic aguecocus potassium hydroxide but no
product was detected, the yield of starting material
quantitative in both cases.

Small scale addition of cyclopentadiene to chlorotri-
fluoroethylene gave a 4L% recovery of starting olefin, but
an autoclave reaction gave a negliglble amount of low boiling
product, A large amount of brown viscous liquid of low
volatility was formed. The adduct, which was a liquid, was
formed in 26% yield, It easily was oxidized by potassium
vermanganate and decolorized bromine solution. The adduct
gave a counsistent infrared spectrum and elemental analysis,
The proton and 19F n.m.Tr. spectra indicated at least four
components which seemed to be isomers of both the 1,4- and
1,2- adducts,

The last additicu attempted used isopropenylacetylene
as a diene, It was allowed to react with octafluorobutene-2
as this olefin gave a facile reaction with cyclopentadiene.

Under the conditious used no adduct was detected and a very

good recovery of starting material was obtailned.
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IV. EXPERIMENTA

Aluminum Chloride Catalyzed Additions of Polvhaloalkanes

to Haloglefins

Preparation and Purification of CFCl1=CFCl

CFCIZCFC12 (566 g., 2.77 mole) was added dropwise to
zinc dust (200 g., 3.07 mole) in absclute ethanol (300 ml.)
at reflux over 4.5 hr., After refluxing for 1.5 hr. a total
of 337 g. crude olefin was collected. Dlistillation gave
material (307 g. 84%), b.p. 22.5-23.5°, having infrared
bands at 5,734 (CF,=) and 5.86(gis-CF=CF-).

Hemoval of the CF_=CCl

2 2
the crude oiefin mixture (192 g.) from dropping funnel over

was accomplished by adding

0.75 hr., to a solution of sodium (0.5 g.) in absolute ethanol
(200 mi.) at 15-24°., After stirring for 2.5 hr., distillation
gave pure CFC1=CFCl (172 g., 90% recovery), b.p. 22-3°, with

no infrared baund at 5.73ﬂ.

Attempted Isomerization of CF(C1=CFCl using A1Cl

3
Pure CFC1=CFCl (21.2 g., 0.159 moie) and AlCl3 (1.0 g.)

were combined at 0° in a Fischer-Porter tube and rocked for
20 min. More AlCl3 (1.5 g.) was sdded and after 1 hr. ano-
ther 1.5 g. were added. After 4 hr. at room temperature
the mixture was worked up in the normal manner to give a

liguid (14.9 g.) which contained no CF,=CCl, (by infrared)

2
and no higher bolling material -~ only unchanged CFCl=CF(C1.
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Addition of CFCl

CFC13 {281 g., 2.

to CFC1=CFCl using;AlAQ_3

1,50 molie) were combined in a flask at 0°, AlCl3 (15 g.)
was added and the ice bath was removed. After 18 min. AlCl3
(15 g.) was added as the first batch had adhered to the side
of the flask. After 22 min. another 15 ge. AlCl3 were added
then the mixture was stirred for 3 hr. AlCl3 (10 g.) was
added and the mixture stirred at room temperature for 2.5

hr. The total AlCl3 used was 55 g, (0.42 mole) and the

total time was 6.25 hr. Normal work-up gave material (467 g.)
which on distillation gave CCl, (78 g.), C3CL,Fy, (3.3 8.)»
CC1,=CCl, (14.2 g.), C,C1_F, (294 g., 72%), C3C1gF, (43 &.,

37753
10%), and higher bolling material (3 g.).

Isomerization of CBQLSEB by AlCl3 in CC1,

03015F3 (24,0 g., 0.989 mole), ccl,, (56 g.), and AlCl3
(4 g«, 0.03 mole) were combined in a Fischer-Porter tube at
room temperature and rocked occasiorally for 61 hr. Work-up
gave material (66 g.), which =fter removal of the cC1, (35 g.),
gave a residue (30 g.) containing cCl, (337, 9.9 Ze)»
CC1,=CCL, (25%, 7.5 &.), C4C1l.Fy (158, 4.5 &.), and C4CLF,
(273, 8.1 g.). Distillation gave the latter two in pure

state for n.m.r. analyses,

Additioa of CFCl. to CF2=CFBr using élCl3
3
CFCl3 (308 g., 2.24 mole) and A1C13 (10 z.) were com-
bined in a flask at -52°, then CF,=CFBr (44 g., 0.273 mole)

was bubbled through the mixture at -40° to ~6° au- ~ 0,75 hr.
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The mixture was cooled to ~20°, then stirred for 3 hr,
whilst attaining room temperature. AlCl3 (6 g.) was added
and the mixture was stirred for 1.5 hr., then left in a
stoppered flask for 60 hr. The total AlCl3 used was 16 g.

{(0.12 mole)., Work-up gave C BrClBFu (61 g., 75%), b.p.

3
125-7°,
Attempted Addition of CFZBrZ to CF2=CCZL2 using AlCl3
CF,Br, (79 g., 0.376 mole), CF,=CCl1, (21 g., 0.158 mole),

and AlCl3 (6 g., 0.045 mole) were combined at 0° in a Fischer
-Porter tube and rocked at room temperature for 5.25 hr.

Only unreacted starting materials were present.

Attempted Addition of CF,ClCFCl, to CFC1=CFCl using Al1Cl

2 2 3
CF,C1CFCL, (76.5 g., 0.409 mole), CFC1=CFCl (27.6 g.,

0.208 mole), and AlCl3 (8 g., 0.06 mole) were combined in
a flask equipped with thermometer, magnetic stirrer, and
ice water reflux corlenser. After stirring at 25.5-27.0°

for 1 hr., the A1Cl, had coagulated so the liguid was decanted

3
into clean flask with fresh A1013 (8 g.). The mixture was

stirred for 5 hr. at 24.5-27.0° then stoppered and left at
room temperature for 60 hr. UWork-up gave a liquid (81.5 g.)

which was chiefly unreacted alkane. Distillation gave

C,C14F; (.5 g.), D.p. 7.0-47.5°, u§1'5 1.3599 and a

materisl, b.p. 48-9L0, m.Tn, 37,S~38.f°; identified as

cp2c1051h, N.m.r. analysls of the €. 21 . F., #howed 7 to
2

be entirely CF ,C1CFCl,.

e o 2 I Sy ~ ro——" ———— =
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Preparation of Sodium Allyvloxide

Allyl alcohol {60 g., 1.03 mele) was placed in a i'lask

®©
=l

uippe

with magnetic stirrer, then sodium (14.7 g., 0.64

m

cle) was added slowly 1n small pleces., After about one~third

E3

of the scdium had bezn sdded the reaction became slugglsh so
more allyl alcohol (52 g.; 0.90 mole) was added and the
mixture was heated while the rest of the sodium was added.
The solution turned from colorless to deep orange. The
excess alcohol was removed in vacuo to give a tan solid

which was pulverized and stored under nitrogen.

Attempted Reactlion of Sodium Allyloxide with CF2=CFCF°Cl

[ 4

in Dioxane

A suspension of sodium allyloxide (8.0 g.; 0.10 mole)
in dry dioxane {50 ml.) was cooled in an ice bath and
CF2=CFCF2
The mixture was stirred up to room temperature over 1.5

Cl (16.8 g., 0.10 mole) was added over 0.5 hr.

hr. but gas chromatography showed no reaction had occurred.

Attempted Beaction of Sodiuvum Allvloxide with CFZmCFCFzg;

in Acetone

A suspeusion of sodium allyloxide (8.0 g., 0.10 mole)
in dry acetone (130 nl1,) was cooled to 0° ihen CF2=CFCF201
(14.2 g., 0.085 mole) was added in %C min, The mizture was
stir ¢ to room tamperature for I b, but none of the expected

product was Tormod,

L od
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Reaction of Allylmagnesium Bromide with CE,=CFCF,Cl

Magnesium (8.5 g., 0.352 mole) and dry ether (120 ml.)
were combined in & dry flask under nitrogen, The magnesium
was activated by adding a few drops of CHzBrCHZBr and stirr-
ing at room temperature for 18 min. The flask was then
cooled in an ice bath and allyl bromide (18.0 g., 0.149 mole)
in dry ether (20 ml.) was added dropwise during 20 min,

The resulting mixture was stirred for 6 min. then filtered
into a dry dropring funnel., The solild residue was also
washed with ether and the ether was combined with the Grignard
soluticn.

Dry ether (20 ml.) and CF,=CFCF,C1 (13,0 g., 0.078 mole)
were combined at 0°, The Grignard soluticn was added dropwise
to give an immedlate white preclipitate. After 0.25 hr.

(ca. one-fourth the Grignard had been added) a gray sludge
had formed which made stirring difficult. The remaining
Grignard was added during 0.5 hr. After stirring to room
temperature for 7 min., water was added and the mixture was
left overnight. The ether layer was washed with dilute
sulfuric acid, then dried over Drierite. The aqueous layer
gave positive tests for chloride and fluoride lons., Dis-
tillation gave a residue (12.5 g.) containing some ether,

a small amount of allyl bromide and compounds I ard II,
Further distillation gave ether (4.2 g.), 2llyl tromide

(0.4 g.), I (1.7 g.), and a residue (5.0 g.). This latter
contained I (344, 1.7 g.), II (40%, 2.0 g.), and three higher
boiling components {26%, 1.3 g.). Preparative gas chromato-

graphic separation (silicon elastomer, 110°) gave pure I,

. — i ————— - rm— —— " -
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2
Up

band at 5.95ﬁ'and a weaker band at 6,08 rand pure II, b.p.

b.p. 96-8° (micro), 0.5 1.3787, with a strong infrared

. A~ l.a.’ I . . 90 (
139-407 (micro), nﬁ"“ 1,3970, with medium infrared bands

at 5.78 and 6.0§H. Anal. for I calc'd, for 06H ClF,: G,

5
18.81; F, 40.32., Found: Cl, 16.93; F, 37.14, identified

as CHyCHCH,CF,CF=CFC1, Anal. for II calc'd. for CgHoF):

2772
C, 55.64; H, 5.20; F, 39.16, Found: C, 55.773; H, 5.20;
F, 39.45, ldentified as CH,=CHCH, CF=CFCF,CH,CH=CH,.

Fluoronitroso Compounds

ané 1ts Reaction with NOC1

Preparation of CF2=CFCH2CH=CH2

CH2=CHCH201 (114 g., 1.5 mole) and benzoyl peroxide
(24 g., 0.092 mole) were added to a refluxing solution of
CF,BrCFC1Br (1100 g., 4.0 mole). Reaction was continued

for another 7 hr. Excess CFzBrCFCIBr was distilled off
and the residue was washed with sodium carbonate solution

and H,O and dried. Distillation gave the adduct

2
CF,,BrCFC1CH,CHBYCH,CL (146 g., 28.2%), b.p. 90°/6 mm.

2

(11t. b.p. 90°/6 mm.). Dehalogenation of the adduct was
carried out as usual by zinc in ethanol. Fractlional dis-
tillation gave the diene CF,=CFCH,CH=CH, (23 g., 45.8%),
b.p. 38° (1is. 38°/870 mm.).

Nitrosyl chleride (3.3 g., 0.05 mole) was added to a
stirred mixture of CF2=CFCH205=CH2 (6.2 g., 0.05 mole),
81C1, (6.7 gey 0.05 mole) and DMF (100 ml.) at 0°, and

the reaction continued for 3 hr. The color of the solutlon

changed from yellow to greenish brown. Water was added

TGS MEGRRATNG
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slowly to a reaction mixture and a blue organic liquid

(2.1 g.) was obtained., Gas chromatographlc analysis of the

« Anivn oy
1\ NV

product showed CF,=CFCH,CH=CH, (1.8 g.), CF,CiCF H=CH

vV J\wi CL& Ad
2 2

(0.3 g.) and a trace of high bolling materilal,

CF ClCF(NC)CHZCH=CH2, which was purified by preparative gas

2
chromatography . nad the following properties: No definite
boiling point at ncrmal pressures, color changed slowly to
green at ca. 100%, to greenish yellow at ca. 110°, to
yellowish brown at ca. 115°, to dark brown at ca. 120°.
Anal. calc'd, for CSH ClF.NO: C, 32.02; H, 2,68, Found:

5773
C, 32.22; H, 2.76.

Preparation of CF2=CFCH=CH2 and its Reaction with NOCl

CFzBrCFClCH=CH2 (135 g., 0.5 mole), which was prepared
by addition of CFzBrCFCIBr to CH2=CH2, followed by dehydro-
bromination, was added to a stirred refluxing suspeusion

of 2n (60 g., 0.7 mole), ZnCl, (2.0 g.) and in EtOH (200 ml.)
over a perlod of two hours and the reaction was continued
for another two hours. The product which was collected in

a cold trap (-78°) was distilled to give CF2=CFCH=CH2 (48 g.,
89%), b.p. 8°.

CF =CFCH=CH2(10.8 g., 0.1 mole) was condensed into a

2
stirred mixture of AlCl3 (13.% g., 0.1 mole), NOC1l (9.8 g.,
0.15 mole) and DMNF (100 ml.) at 0°. The color of the
solution changed from orange to greenlish yellow shortly
after the addition of the diene and then changed to orange

agaln. After five hours, water was added and the organic

layer was separated and dried.
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The crude light yellow product (13 g.), which consisted
of one major component (over 95%), was separated by prepara-

tive gas chromatography to yield the major product as a
6,

3

colorless liguid, b.p. 177-178° (miere), n he

- 207 ¢
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infrared absorption peaks at 5.70 -and 6,05 are character-

istic of -CF=CH-, and CH2=CH-, respectively., When the
reaction was carried out with CF,=CFCH=CH, (7.8 g., 0.07
mole), NOCl (5.9 g., 0.09 mole), acl, (6.7 g+, 0.05 mole)
and DMF (80 mi.), the coler of the reaction mixture was
light green, which after treatment with water, ylelded 2
blue liquid (6.9 g.).

Though the maln product was the same, a trace of a
blve compound, probably a nitroso compound, was obtained.

“urther attempts at making the nitroso compound will

be c:ntinued,

Preparation of CF2=CFCH=CHCF3 and its Reaction with NOCl
CF,C1CFC1I (279 g., 1.0 mole), CF ;CH=CH, (28.8 g.,

0.03 mole) and benzoyl peroxide (2 g.) were allowed to react

in an autoclave at 100° for four hours. Excess CF2C1CFCII

was discilled off and the residue was fractionated to give

CF,C1CFC1CH

2 2
Dehydroiodination was effected by aqueous potassium hydroxide

CHICF; (90 g., 77.5%), b.p. 61°/18 mm.

(100 g. in 60 ml.) and CFZCICF01CH=CHCF3 (40 g., 67.4%) was

obtained. Dechlorination by zinc dust 1in ethanol gave

CF,,=CFCH=CHCF, (15.8 &., 56%), b.p. 49°.

el e s e = A - e n o e —— o et
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CF -CFCH uHLFB {(13.8 g., 0.08 mole), NOC1L (9.8 g., 0.15

moie), AlCl, (6.7 g., 0.05 mole), and DMF (100 ml.) were

3

allowed to react at 0°, After two hours, the mixture was

treated with H,0 and g.) wes

obtalned. The main product was a colerless liquid rather

-
a light 3y roduct (17,3

than a blue nitroso compound, A sample has been submitted

for elementsl analysis.

Free Radical Reactions of Haloalksnes with Olefins

Preparation of CCl 3CFZCFZBr

CClBBr (396 g., 2 moles), Bz,0, (3 g.), and CF 5=CF,
(78.5 g., 0.78 mole) were heated in an autoclave at 100°
for 8 hr. The autoclave was vented and gaseous material
(1 g.), which was mainly CF,=CF,, was condensed out. A
liquid mixture {(448.5 g.) which contained 29.6% adduct (44.5%
yield based on CF2=CF2 used) was obtained. On distillation
almost pure CClBCF

action mixture., This product is to be allowed to react with

»CF, BT (135 g.) was obtained from the re-

ethylene under free radical conditions,

Preparation of 1,2-Dibromohexafluorocyclobutane

CF,=CFBr (297 g.) was heated in an autoclave for 12 hr,

2
at 190°. Unchanged CF2=CFBr (1.5 g.) was condensed out of
the autoclave. On distillation, the residual liquid ylelded

1,2-dibromohexaflucrocyclobutane (86 g., 30% yield).
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Addition of 1,2-Dibromohexafluorocyclobutane to Ethylene

1,2-Dibromohexafluorocyclobutane (83 g.), ethylene (5 g.),
ana benzoyl peroxide {1 g.) were heated in an autoclave at
100° for 12 hr. On venting the autoclave an almost quantita-
tive yleld of ethylene was condensed out. A gas chromatogram
of the residual liquid indicated two higher boilivg products,

as less than 1% of the mixture, which could not be isolated.

I _to Ethylene

Addition of CFZICF2

(a) Ethylene was passed into CF,ICF,I at 100° and in
the presence of Bzzo2 for 4 hr. Gas chromatography 1indicated
the absence of any higher boiling material in the reaction
mixture,

(v) CF,ICF,I (352 g.), Bz,0, (1.5 g.), and ethylene
(16.2 g.) were heated in an autoclave at 100° for 12 hr.
Highly volatile materiasl (20 g.) was condensed out of the
autoclave, It was mostly ethylene. The residual iiquid
showed one high boiling product in less than 2% yield by
gas chronatography). Most of the ClecFZI was distilled off
and the r:sidue treated directly with alcoholic potassium
hydroxide., A dehydrohalogenation product was indicated by
gas chromatography, but it was in insufficient quantity to
oe isalated.

(c) When the above reaction was repeated at 220° and
in the absence of BZZOZ’ only solid material was obtalned.

No liquid product was obtained when this s0l1ld material was

heated with alcoholic potassium hydroxide.

—
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Addition of CFzBrCFHBr to Ethyleune

CF,BrCFHBr (297 g.), Bz,0, (1.5 g.), and ethylene (9 g.)
were heated in an autoclave at 100° for 12 hr. An alms:
quantitative recovery of ethylene was obtalned on venting
the autoclave, A gas chromatogram indicated the absence of

any higher boiling material in the residual mizture.

Addition of CFBCFBrCFBrCF3 to Ethylene

(a) CFBCFBrCFBrCFB

into bromine. CFBCFBrCFBrCF3 (82 g.), Bz,0, (1 g.) and

ethylene (6 g.) were heated in an autoclave at 100° for 12

was made by passing perfluorobutene-2

hr. The gaseous material was collected in g cooled trap.
The residusal liquid contained one higher boiling materlal
as less than 3% of the mixture.

(p) CF CFBrCFBrCF3 (346 g.), benzoyl peroxide (10 g.),

3
and ethylene (14.5 g.) were heated in an autoclave at 100°

for 8 hr. Gaseous material (30 g.) was condensed out on
venting the autoclave. From the gas chromatogram this was
shown to be a mixture of very low boiling material (8.5 g.)
ard octafluorobutene-2 (21.5 g.). The residual liquid (317 g.)
was a mixture coutalning the three main ccmponents,
octafluorobutene-2, CFBCFBrCFBrCF3 and CHZBrCHZBr. Distilla-
tion gave octafluorobutene-2 to give a total yield of 29%

from distiliete and low bollers. Distillation also yielded

CFBCFBrCFBrCF3 (201.5 g.) and CH,BrCH,Br in 21% yleld.




Addition of CFBCFBrCFZBr to Allyl Chloride

CFBCFBrCFZBr (254 g.), benzoyl peroxide (1 g.), and

allyl chloride (38.5 g.) were heated in an autoclave at
100° for 12 hr. The reaction mixture was examined by gas

chromatography. No higher boiling product wa. indicated.

Addition qg,CFzggzzI to Allyl Chloride

Allyl chloride (7.65 g.), CFZICFZI (70.6 g.), and benzoyl
peroxide (0.5 g.) were heated in a Fischer-Porter tube at 100°
for 8 hr. The reaction mixture was examined by gas chromato-

graphy which indicated no high bolling products.

Addition of CVB"BBrCF Br and CF, BrCF Br to CZHS-OCHE—CH=CH2
Additions were attempted as in the previous two experi-
ments but in both cases gas chromatography showed no higher

boliing products.

Addition of 1,2-D1bromohexefluorocvclobutane to_1,3-Butadiene

1,2-Dibromohexafluorocyclobutane (68 g.), benzoyl peroxide
(1 g.), and 1,3-butadiene (9 g.) were heated in an autoclave
at 100° for 12 hr. The autoclave was vented and the gaseous
material was collected in a cold trap. Most of the
1,3-butadlene was recovered while gus chromatography
jndicated the absence of any higher bolling material in

the residual mixture.

Addition of Iodotrifluoromethane to 1,3-Butadiene
Jodotriflucromethane {101 g.) and 1,3-butadlene (1% g.)

were heated in an autoclave at 200° for 8 hr. Gaseous msterial

(83 g.) was collected of which 23.5 g. was material boiling

. r— et .
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in thz range -70 to -80°, The residual product was a solid
material and iodine. It appeared that the 1,3-butadiens

polymerized. No 1:1 or l:2 adducts were detected.

Addition of Vinyl Iodide to Tetrafluoroetnylene

Vinyl iodide (28.5 g.) and tetrafiuoroethylene (23 g.)
were exposed to sunlight in a 22 1t. flask for 16 hr. The
contents of the flask were vacuum transferred to a cold
trap to yield a liquid (41.5 g.) which consisted of tetra-
fluoroethylene (21 g.) end vinyl lodide (20.5 g.) but no
higher boiling material. A high boiling material (10 g.)
remaining in the flask showed several high boilling components
by gas chromatography. No simple one to one addition product

appeared to be formed.

Addition of Allyl Jodide to Tetrafluoroethylene

Allyl iodide (108 g.), tetrafiuoroethylene (38 g.),
and benzoyl peroxide (1 g.) were heated in an aatoclave
at 100° for 8 hr, On venting the autoclave gaseous material
(17 g.) was condensed out which was almost pure tetrafluoro-
ethylene. The residual liquid (90.5 g.) and some solid
product were recovered from the autoclave. A gas chromato-
gram of the liquid showed six components in the following

proportions:

e - — A ———a— .
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%Z of Residual

Liquid Estimated *
by Peak Areas Component Wt. % Yield
! I 1% Low boiling (probably CF,=CF,) 0.75 g.
II 14% CH,C h
4 PBCHICiB 10.5 g. 28
I1I 37.5% CH,=CHCH, I 28.0 g.
IV 5 =CH~Ct =
3¢5% CH,=CH~CH,CF,CF ,CH,~CB=CH,, 2.6 g, 6
\'s 26% CH,=CH~CH,CF,CF ,I 19.5 g. 34
VI 18.2% CFZICFZI 13.7 g. 17.5
*
Based on CF2=CF2 used,

The liquid mixture was distilled, to yleld components
IT through VI, aud a residue (15 g.). The compounds were
further purified by gas chrcmatography tc show the following
properties:

IT 1dentified as CH,CHICH, n20 1.49965 a%t 1.666
(11t. b.p. 89.5°, n20 1.49963 20 1.703). Analysis calc‘d,
for C3H7I: ¢, 21.09; B, 4,12; I, 74.8, Found: C, 21,43,
H, 4,29, I, 73.11%.

0.
IV identified as CH2=CH—CHZCFZCFZCHZ—CB—CHZ, b.p. 1187

n§° 1.3721. Analysis cale'd. for CgH Fj: C, 52.75; H, 5.493
P, 41,76. Found: ¢, 52.33; H, 5.31; F, {by difference)
42,.36%. No iodine was feound in this coupound.

V identified as CH,=CH—CE,~CF,CF,I; b.p. 114%; ni? 1.4188.
Analysis calc'd. for C5H5Fb13 C, 22.39; H, 1.87; I, 47.73.
Found: C, 22.93; H, 1.99; I, 48.88%.

VI identified as CFZICFZI; b,.p. 108.50, ng's 1.4892;

a? 2,581 (11t. b.p. 112-3% 025 1.4895; 45° 2.6293).
Analysis calc'd. for CFZICPZI: c, 6,91; H, 0.0 I, 71.80.
Found: C, 7.81; H, 0.22; I, 70.247.
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Beaction of Q§2=CHMxCl with CF ICF,I

2
CH2=CHMgCI (0.05 mole) in T,.H.F., was added dropwise

2
The reaction mixture wag sdied to dilute hydrochloric acid,
the orranic layer wa3s washed several times with water and
dried. A gas chromatogram showed only one lower bolling
product as a minor component together with unreacted
CFZICle and T.H,F. The low bolling product was isolated

by preparative gas chromatography. The proton and l9F n.m,T.
spectra indicate only vinyl protons and the absence of
fluorine. It has the same gas chromatographic retention
time, infrared and n.it.Tr. spectra s CH2=CHI. Elemental
analysis calc'd, for C2H31= C, 15.5; H, 1.95; I, 82.47.
Found: C, 17.76; H, 2.55; I, 79.62%.

Reaction of CH2=CH-CH2MgBr with CFZZQEZL

032=CHCH2

to a stirred solution of CF,ICF,I (30 g.) in ether (100 ml.)

MgBr (0.1 mole) in ether was added dropwise

T.ie reactior mixture was refiuxed for 0.5 hr., then cooled
¢2d hydroly ed with dilute hyérochloric acid. The organic
layer was separated, washed with water and dried, Gas
chromatography indicated only cone lower bolling product
which had tiLc same gas chromatographic retention time as
£llyl iodide. This will be separated and its properties

will be compared with allyl lodide.




Recction of CF with Nitric Oxide

2BrCFZCH=CH2
A 3 1t, flask was charged with mexrcurv (70 ml.),
evacuated, and Csz ?FECH=CH2 (2.9 g.,) added to give a
pressure of 83 mm. Nitric oxide was added to increase
the pressure to 185 mm. The flask was irradiated with
sunlight for 12 hr. The volatile material was collected

in a trap., The absence of blue color indicated that no

nitroso compound was formed.

Reaction of ICF QEZCHZ-CH=CH with Nitric Oxide

2 2
A 5 1t, flask was charged with mercury (70 ml.),

evacuated, and CH,=CHCH,CF,CF,I (7.8 g.) condensed 1in.
Nitric oxide was added to a pressure of 245 mm. The flask
was irradiated with sunlight for 12 hr, There wes a reduc-
tion of pressure of 117 mm. The product, which had blue
cclor, was collected in a cold trap, but when this was

brought to room temperature the blue color discharged to

leave a yellow viscous liguid.

Beaction of CFBCcmCI3 with 1-Octene

CFBCFZCCI3 (262 g.), benzoyl peroxide (5 g.), and
l-octene (46 g.) were refluxed for 18 hr. Most of l-octene
Wwas consumed and gas chromatography indicated two higher

boiling materials, which will be identified in the future,

Preparation of CCl.CF CFC1CH=CH, from CC1l.CF, CFC1CH CH,Br
3_L < ) < 2===2==

CC1..CF.CFC1Br (172 g.), benzoyl peroxide (1 g.), and
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ethylene (8 g.) were heated in an autoclave at 100° for

8 nr. On opening the autoclave ethylene (5 g.) condensed out.




The residual mixture was distilled to remove most of the

CClBCFZCFCIBr. The residue was refluxed with potassium
hydroxide (8 g.), methanol {15 mi.) for 0.5 hr. The

Teaclion mixture was poured into water, the organic layer

was washed with water and dried. The organic liquid (11.5 g.)
obtained showed one main component by gas chromatography,

This was purified by preparative gas chromatography to

yleld a liquid: b.p. 182°, uZl 1.4504, 4% 1.6357.

Analysis calc'd. for C_H

CluF MBD, Li,3; C1, sk.1.

58301 F 5
Found: MRBp, 43.1; C1, 53.90%.

Attempted Formation of Eadicals from Cﬁgg;CFC;I and CFgBrCFC1Br

and Their Reaction in situ with Aromatic Nuclei

Reaction of Benzene with CFzBrCFCIBr in the Presence of
Benzoyl Peroxide

Benzene (0.78 g., 0.01 M), CFzBrCFC1Br (2.76 g, 0.01 M)
and benzoyl peroxide (0.26 g., 0.001 M) were heated in a
sealed Fischer-Porter tube on an oil bath at 155° for 96
hours, Gas chromatographic examination of the products
showed peaks corresponding to starting materials, bromobenzene
and suspected CéﬁSCFCICFzBr. The latter two components were
9% and 5% by peak areas respectively.

Benzene (0.78 g.-. 0.01 M) and CF_BrCFC1Br (4.48 g.,

2
0.0165 M) were sealed in a Fischer-Porter tube and heated
on an oil bath at 181-188° for 78 hrirs. The product on
gas chromatographic examination showed no long retained

nmaterials,
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The Effect of Benzovl Peroxide on the Reaction of Benzene

with CFECICFClI

™ S PN
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AP
0.03 M), CF,C1CFC1I (4.19 g., 0,015 1
(0.38 g., 0.0015 M). A similar tube was charged with benzene

(2,34 g.) and CF_,C1CFC1I (4.19 g.) only. The tubes were

2
sealed and heated together on an oill bath at l?0° for 89
heurs,

A gas chromatogram of the products showed that long
retained material (pure 06H5CFCICF201) formed 2% of the
volatile products when benzoyl peroxide was absent (98%
unchanged starting materials). In the presence of benzoyl
peroxide long retalned material {one peak on Si gum at 180°)
formed 18% of the volatile products {82% unchanged starting
material).Re-examination of the gas chromatogram on Silicon
gum at 100° and 130° showed that the long retained materiszl
was 18% iodobenzene and 82% C6H5CFCICF2C1: overall yield of

CcH CFC1CF,Cl in benzoyl peroxide initlated reaction was 14.8%.

5

Comparison of the Reaction of ITodobenzene aund Benzene with

CF_C1CFC1I

2

Iodobenzene (2.04 g., 0.01 M) and CFZClCF01I (2,79 g.,
0.1 M) were sealed in a Fischer-Porter tube. In a similar
tube benzene (0.8 g., 0.01 M) and CF,CICFC1T (2.79 g., 0.01M)
were sealed., The tubes were heated together on an oll bath
at 140-4° for 88 hours.

There was insufficilent reaction to measure gas chromato-

graphic peak areas to obtain a comparison.

Yov e
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Reaction of Benzene and CF.C1CFC1lI in the Presence of

2
Mercury or Copper

A Fischer-Porter tube was charged with benzene (0.78 g.,

0.01 M), CF,C1CFC1I (2.79 g., 0.1 M) and clean dry mercury

2
(7.5 g., 0.0375 M). A similar tube was charged with benzene

(0.78 g., 0.01 M), CF,CICFC1I (2.79 g., 0.01 M) and electro-

2
lytic copper dust (1.92 g., 0.0303 M). Another tube was
charged with benzene (0.78 g., 0.01 M) and CF,C1CFC1I (2.79 g,
0.01 M) oniy. The tubes were sealed and heated together with
occasional shaking, on an oil bath at 170° for 88 hours.

The organic liquid of the first (Hg) and last tubes
(blank) were examined by gas chromatography. In the second
tube (Cu) the organic liquid and copper powder formed a
s0l1d mass and therefore a direct gas chromatographic examina-
tion could not be made with the two other reactions., The
reaction in the presence of mercury showed a 9.3% conversion

to C6HSCFCICF2C1 {free from CéHSI) whereas in the blank

experiment the conversion was 2.3%.

The BReaction of Pentafluorobenzene with CF2CICFClI in the

Presence of Benzoyl Peroxide

Pentafluorobenzene (2.79 g., 0.0166 M), CF,C1CFC1I
(4.19 g., 0.015 M) and benzoyl peroxide {0.36 g., 0.0015 M)
were sealed in a Flscher-Porter tube and heated on an oll
bath at 171-8° for 84 hours. A long retained peak formed

6% of the volatile products (by gas chromatography).
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Reaction of Pentafluorobenzene with CF201CFC11 and

ngBrCFCIBr in the Presence of Benzovl Peroxide (A

Comparison Experiment).

Pentafluorobenzene (1.70 g., 0.01 M), CF,C1CFC1I (2.79 &.,
0.01 M) and benzoyl peroxide (1,03 g., 0.00425 M) were
sealed in a Fischer-Porter tube (tube 1). Pentafluorobenzene
(.74 g.), CF,CLCFC1I (2.79 g.) and benzoyl peroxide (0.5 g.,
0.002 M) were sealed in a Fischer-Porter tube (tube 2).
Pentafluorobenzene (1.71 g.), CF,BrCFC1Br (2.77 g., 0.01 M)
and benzoyl peroxide (0.5 g., 0.002 ¥) were sealed in a
similar tube (tube 3), The three tubes were heated together
on an o1l bath at 168-172° for 114 hours.

The products were examined by gas chromatography to
show the following percentages of long retained products:
Tube 1, 26.8%; Tube 2, 8.4%; Tube 3, 22.8¢. The remaining
73.2% and 81,6% in tubes 1 and 2 were starting materials
and very minor short retalned products. In tube 3, in
addition to starting materials, there was also 2.6% of
a long retained product.

The product in tube 1 was separated by preparative
gas chromatography (Si gum 110°) to yield the long retained
product (0.29 g.) which was shown by infrared spectroscopy
to be lodobenzene containing a minor impurity. The major

long retalned product in tube 3 corresponded by v.p.c. to

bromobenzene.,
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1"
Additiona of Cvclopentadiene to Various Fluoroolefins

Diels-Alder Addition of Cyclopentadiene and Perfluoro-

propene
A Flscher-Porter tube was charged with freshly dis-

tilled cyclopentadiene (2.06 g., 0.031 M) and hydroquinone
(0.1 z.). Perfluoropropene (5.2 g., 0.035 M) was condensed
into the tube under vacuum and the tube was heated at 170o
for 117 hours. Unchanged perfluoropropene (1.5 g., 29%)

was recovered and the residual liquid examined by gas chrome-
tography to show ca. 91% Diels-Alder adduct, the other com-
ponents being perfluoropropene and dicyclopentadieune (trace).
The 1iquid was separated by gas chromatography (Si gum 100°)
to gilve 5~trifluoromethyl-5,56-difluoronorborn-2-ene (1.0 g.,
19% based on unrecovered olefin) b.p. 140°; ngo 1.3774 (11it.
b.p. 141%; n%o 1.3741), which was oxidized by an acetone
solution of potassium permanganate and decolorised 3% bromine
in carbon tetrachloride. The low recovery of Diels-Alder
adduct may be due to poor gas chromatographic recovery but
probably is due to the presence of a high percentage of
involatile material in the product, such as the products

of further Dlels-Alder additiouns.

The proton n.m.r. spectrum of the simple adduct was

typical of a l,4-adduct (19).

Diels-Alder Addition of Cycloventadiene and Perfluorobutene-2

=

A FPischer-Porter tube was charged with freshly distilled
cyclopentadiene (2.0 g., 0.0303 M) and hydroquinone (0.1 g.).
Perfluorobutenc-2 (6.3 g., 0.0315 M) was condensed into the




5o
tube under vacuum and the mixture was heated on an onil

bath at 146-154° for 49 n
leaked during the reaction an< 1.0 g. or material was lost,
Unchanged perfluorobutene~-2 (0,05 g.) was recovered on
opening the tube, The residual crude preduct (6.0 g.),
which contained perfluorobutene-2 and traces of cyclopenta-
diene in addition to a main product of the suspected Diels
-Alder adduct, was separated .y gas chromatography (Si gum
100°) to yield 5,6=-bis(trifluoromethyl }-5,6-difluoro-norborn
-2-ene (4.0 g., 50% based on cyclopentadiene),n§2‘5 1.3655.
Analysis calc'd. for 09H6F8: c, 40.62; H, 2.27; F, 57.11.
Found: C, 40.46; H, 2.26; F (by d4ifference), 57.28%. The
norbornene was oxidized by an acetone solution of potassium
permanganate and decolorised a 3% bromine soclution in carbon
tetrachlcride. It gave conslstent infrared and 19F n.m.T.
spectra. The proton n.m.r. speccrum proved the adduct to
be a Diels-Alder adduct rather than a 1,2-adduct (19).

A large scale experiment in a 300 ml. autoclave at

150° for 17 hr. gave an estimated 88% yield of product.

Attempted Dehalogenation of 5,6-Difluoro-5,6-bis(trifluoro-

methyl )Jnorbornene

The norborn-2-ene (30,0 g.) was added dropwise over &
period of 15 min. to a stirred suspension of zinc (12 g.)
and zinc chloride (0.1 g.) in isopropanol (40 ml.). The
reflnxing was continued for a further 4 hr. No resaction
was indicated by gas chromatography. A further 10 g. of

zinc was added and the stirred mixture refluxed for 1.75 hr.

Pame |
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There was no apparent reaction. The zinc was filtered off

and the filtrate fractionated to remove most of the isopropanol.

: o a0
sromatography (Si gum 100 )
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The residue was separated by gas o
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by infrared spectroscopy.

Attempted Dehydrohalogenation of &,6-Difluoro-5,6-bis{tri-
fluoromethyl Jnorbornene

The norborn-2-ene {2.75 g.) was dropped on to molten
potassium hydroxide (10 g.) at 220°, After refluxing for
1 min, the mixture was cooled, water was added and the
organic layer separated to yield unchanged starting materlal
(2.3 g., 84% recovery) as shown by gas chromatography and

infrared spectroscopy.

Dechlorination of CF

5CCL,CCL,CF 5

A stirred suspension of zinc dust (150 g.) and zinc
chloride (2-5 g.) in reagent grade dioxane (150 ml.) was
brought to reflux in a 3-necked flask fitted with a 1 ft.
fractionation column and head. The outlet of the fraction-
ation head lead to a trap cooled at -78%,

A saturated solution of 2,2,3,3-tetrachlorohexafluoro-
butane (304 g.) in dioxane was added dropwise to the suspen-
sion at such a rate to give a steady reflux at the fraction-
ation head, where the fraction boiling up to ?2° was collected,
Fractionation was continued after the chlorofluoroalkane
had been added and the fraction up to b.p. 95° was collected.

The experiment was repeated with 196 g. of alkane and

proportionate amounts of zinc, etc.




101,

The distillates were combined and fractionated to glve:
CF3001=CCICF3 (368 g., 96% yield) containing small traces of

& low boiling component and dicxane.
On

.- v o wvw wear e

trap.

Addition of Cyclopentadiene to 2,3=-Dichlorohexafluorobutene-2

Freshly distilled cyclopentadiene (19.8 g., 0.3 mole),

2,3-dichlorohexafluorotutene-2 (78.4 g., 0.336 mole) and
hydroquinone (1.0 g.) were rocked in a 300 ml. autoclave
at 145° for 16 hr.

The produc® was steam distilled, The distillate was
an immliscible liquid at first, but soon a solid condensed.

The condenser was changed to an alr condenser which extended
under iced water. The total organic distillate in ether
(65.19 g.) contained 53% of the adduct by gas chromatographic
peak area. Therefore estimated yleld of adduct based on
cyclopentadiene was 38.6%.

A sampie was purified by gas chromatography (Si gum 110°%)
and dried by sublimation at 125° under reduced pressure to
yleld 5,6-dichloro-5,6-bis(trifluoromethyl)norborn~2-ene,
Analysis for 09H6012F6: C, 36.15; 8, 2.02, Found: C, 35.91;
H, 1.89%. The sublimate was easily oxidized by an acetone
sclution of potassiu~ permanganate and slowly decolorised
3% bromine in carbon tetrachloride. The infrared spectrum
showed very weak C-H absorption and C=C absorption could

not be detectsd above the background noise. There was

absorption at 7.7/‘ - 9.1/( attributavle to C~F,
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The proton n.m.r. spectrum in CFCl3 solution wes
consistent with a 1,4 adduct, The “°F n.m.r. spectral

analysis is in progress.

Dechlorination of §,6-Dichloro-5,6-bis(trifiuoromethyl)~

norborn-2-ene

(a) Magnesium Iodide

Iodine was dried by sublimation under reduced pressure.

The norbornene (53% solution in ether) was dried over Drierite.

Iodine (0.41 g.), magnesium (1.94 g.) and dry ether (100
ml.) were refluxed for 0.5 hr. 5,6-Dichloro-5,6-bis{trifluoro-
methyl)norbone-2-ene (30 g. of a 53% solution in ether = 15.9 g.
nortornene) was added to the refluxing mixture over a period
of 5 min. Refluxing was continued for 8 hr., The magnesium
turnings (2.07 g.) were filtered off and washed, but remsined
dull after repeated washings with ether,

The filtrate was distilled using a 6" yigreux column to
remove most of the ether. A gas chromatogram of the residue
(27.22 g.) showed a trace of the dechlorination product, but
starting material formed 59.7% of the mixture (from gas
chromatogram peak area), This is equivalent to 16.2 g.,
therefore recovery of norbornene was quantitative,

(v)

Zinc powder was activated prior to use by washing with
dilute hydrochloric acid, water, and acetone and drying on
a vacuum line,

5,6-Dichloro~5,6-bis{trifluoromethyl Jnorborn~-2-ene
(30.0 g. of a 53% solution in ether = 15.9 g. norbornene)

vwas added to a refluxing stirred suspension of activated




Ly
zirc dust (5.0 g.) in isopropanol (50 ml.) over a period
of 15 min. There was an apparent increase in reflux rate,
but this may have been wae to ether present. Refiuxing and
stirring were continued for a further 2 hr., when more
activated zinc (4.0 g.) was added and the reaction continued
for a further 3 hr.

A gas chromatogram of the filtered product showed a
main peak corresponding to 2,3-bis(trifluoromethyl)norborna-
diene. The product was fractionated (1! column) to yield a
distillate (17.71 g.) contalning 12.4% of the product. The
residual liquid (52,64 g.) contained an estimated 10.95% of
the dechlorination product.

A semple (3.30 g.) of the residual liquid was separated
by gas chromatograrhy (Si gum, 90°) to yield the dechlorina-
tion product 2,3-bis{trifluorcmethyl)norbornzdiene (0.51 g.)
which had an identical infrared spectrum to an authentic
sample (see later)., Estimated yield of norbornadiene:

0.51 g. in 3.30 g. Therefore, residual liquid contains
ca. 8,15 g. Distillate contains 12.4% (= 2.2 g.). There-
fore, estimated yield = 10,35 g. = 863.

Dechlorination of 2.3-Dichlorohexaflucrobutene-2

2,3-Dichlorohexafluorobutene-2 (233 g., 1.0 mole) was
dried over Drierite and added dropwise over a period of 3 hr.
to a stirred refluxing suspension of zinc (85 g.) and zinc
chloride (1 g.) in glacial acetic acid (200 ml.). The
acetylene was collected through the too of the water con-

denser in an acetone/dry ice cooled trap., The reaction

-
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wag continued for 2 hr., when more zinc (20 g.) was added
and the reaction countinued for a further 2 hr.,

The material 1n the acetone/dry ice trap was distilled
into another trap to yleld hexafluorobutyne-2 (17.6 g., 35%
yleld based on unreacted olefin), which gave an infrared
spectrum corslistent with an authentic specimen.,

The zinc dust was filtered from the liquid in the flask
and the filtrate fractionated to ylield 2,3-dichlorohexafluoro-
butene-2 (160.9 g.), which was contaminated with a small

quantity of low boilling compound (probably a reduction product).

Addition of Cyclopentadlene to Hexafluorobutyne-2
‘Hydroquinone (0.2 g.) and freshly distilled cyclopente-

diene‘(5.62 g., 0,085 mole) were weighed into a hard glass
tube (ca. 100 ml. capacity). Hexafluorobutyne (17.6 g.)
was condensed in, the tube sealed under vacuum and heated
at 130° for 15 hr.

On opening the tube hexafluorobutyne (1.3 g.) distilled
out and was ldentified by its 1nfrared spectrum. A gas
chromatogram of the residual 1liquid (22.71 g.) showed low
boiling components, a main peak with a small shoulder and
a trace of dicyclopentadiene,

Separation of 20.7 g. by gas chrcmatography (S1 gum
10:7) yielded (1) low bollers + (4) dicyclopentadiene, (3.37 g.)
(2) main peak, 2,3=-bis(trifluoromethyl)norbornadiene (14.48 g.).
Analysis calc'd, for C9H6F6: c, 47.38; H, 2.65; F, 49.97.
Found: C, 47.43; H, 2.75; F (by difference), 49,824, The
pure product was easily oxidlzed by a potassium permanganate

solution in acetone and decolorized a 3% bromine solution



in carbon tetrachloride. The intrared spectirum showed
moderate intensity absorption at 5.9§)qwhich 1s consistent

with CF30=C—CFA, and C-~i and C~F absorptions. The proton

n.m.r, was complately congsistent witl

g

a Diels-Alder adduct,
(3) maln peak residue + shoulder (0.41 g.), contained 77%
of the norbornadienz, Total yield norbornadiene: 14.8 g.,

76% (based on cyclopentadiene).

Addition of Cyclopentadiene to sym-Dichlorodifluoroethylmne

A 300 m}. autoclave was charged with hydroquinone (1 g.),
freshly distilled cyclopentadiene (33 g., 0.5 mole) and
CFC1=CFC1 (68 g., 0.51 mole) and heated at 165-170° for
65 nr. No low bcoilling products distilled out on opening
the autaoclave.

The black liquid product (96.7 g.) was steam distilled.
The organic material (11.3 g.), distilling over after several
hours, was a pure high boiling viscous liquid, which showed
C-H, weak C=C and C-F absorptions iun the infrared spectrum.
This material partislly solidified on standing.

The first part of the steam distillate was distilled
under high vacuu= to yield (1) a liquid (10.29 g.) containing
61.8% adduct, (2) pure adduct (3.27 g.), (3) a residue (21.62
g.) which contained only a trace of simple adduct., herefore,
estimated yield of simple adduct = 6.3 g. (from fracticn 1)

+ 3.27 g. = 9.62 g. = 9.7% based on cyclopentediene, Total
yleld of high boiling viscous proiucts was 32.96 g.
A sample of the simple adduct was purifled by ges

chromatography to yield 5,6-dichloro-5,6-difiuoronorborn-2-cuie,
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Analysis calc‘d. for C C, h2.24; H, 3.04, Found:

c, 42-54: H, 3-29%-

HgCl F

7 2t2°?

The infrared spectrum showed relatively strong C~H
absorption and absorption attributable to C-F and C-Cl.
The pure product was easlly oxidized by an acetone solutlion
of potassium permanganate and decolorized a 3% solution of
bromine in carbon tetrachloride. The proton n.m.r. spectrum
was completely consistent with a 1,4-(Dlels-Alder) adduct,

The 19 n.m.r. spectrum was inconclusive,

Attempted Dehalogenation of 5,6-Dichloro-5,6-Difluoro-

norborn~-2-ene

5,6-Dichloro-5,6-difluoronorborn-2-ene (12.5 g. of a
65% solution in ether = 8.1 g. norbornene) was added drop-
wise over a period of 10 min. to a stirred refluxing suspen-
sion of activated zinc (5 g.) in 1sopropanol (30 ml.). The
reacticn was continued for 1.5 hr. when additional activated
ziac (5 g.) was added and the reaction continued for a further
3 hr. A chromatogram of the product showed only starting
material and isopropanol. The product was flltered and
fractionated. The first 1 ml, of dlstillate was pure
isopropanol as was the remaining distillate. Most of the
i sopropanol was fractionated off to leave a residue (26.10 g.)
of 45.6% norbornene in isopropanocl. This is equivalent %o

11.9 g. norbornene = 95% recovery of starting material.

Addition of Cyclopentadiene to Trifluoroethylene
A 300 ml. autoclave was charged with freshly distilled

cyclopentadiene (33 g., 0.5 mole) and hydroquinone (1.0 g.).
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Trifluoroethylene (44 g., 0.537 mole) was condensed under
vacuum Into the autoclave which was heated at 165° for 17
hr. On opening the autoclave trifluoroethylene (23.4 g.,
53%) distilled out.

The residual liquid and ether washings were stean
distilled to give an initial organic steam distillate (37.1 g.)
and a later organic distillate which was a high boiling
viscous liquid (8.25 g.) of at least three components.

The initial steam distillate was distilled to give (1) ether
+ trace of adduct (5.5% g.), (2) adduct (3.58 g.)> 95% pure,
(3) 4,68 g. containing 73.6% adduct, (4) 17.84 g. containing
28.6% adduct, (5) 2.38 g. of high boiling material containing
trace of the simple adduct, (6) a small brown tarry residue.
Estimated yield of simple adduct: 12.1 g. = 33% based on
unrecovered olefin,

A sample of the adduct was separated by preparative
gas chromatography (Si gum 95°) to yield 5,5,6-trifluoro-
nortorn-2-ene. Analysis calc'd, for C?H?FB: C, 56.75;

H, 4.77; F, 38,48, Found: C, 56,91; H, 4.68%; F (by
difference), 38.41%., The proton n.m.r. spectrum was in-

conclusive but the 19 n.m.r. spectrum indicated a mixture

of two isomers of the Diels-Alder adduct.

Attempted Dehydrofluorination of 5,5,6-Tgif1uoronofborn-2-ene
(a) Aqueous Potasslium Hydroxide

The norbornene (ca. 8.52 g. in high boiling materlal,
total wt. 22.54 g.) was refluxed for 4 hr. with aqueous
potassium hydroxide (13 g. in 40 ml. HZO)’ A gas chromato-
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gram of the organic phase (20.98 g.) showed only starting

materials,

gbz Aqueous Alcoholic Potassium Hydroxide

The norbornene mixture (19.4€ g.) was added over a
perliod of 20 min. to a refluxing solution of potassium
hydroxide (10 g.) in ethanol (20 ml.) - water (5 ml.)
solution., The mixture was refluxed for 7 hr. There was
a ocounslderable darkening of both phases. After normal
work-up, an organic product (18.78 g.) containing 46% of
the norbornene was recovered, Therefore recovery of starting
material was quantitative. A gas chromatogram showed no

dehydrofluorination product.

Addition of Cyclopentadiene to_Chlorotrifluoroethylene
A 300 ml. autoclave was charged with hydroquinone (1.0 g.)

and freshly distilled cyclopentadiene (41.96 g., 0.635 mole).
Chlorotrifluoroethylene (76.5 g., 0.657 mole) was condensed
under vacuum into the autoclave which was heated at 170o
for 16 }uu On opening the autoclave low boiling material
(0.4 g.) distilled out. The residual liquid (112.6 g.) was
steam distilled to yleld an organic distillate (68.7 g.),
which was dried, and a residual brown viscous liquid (32.9 g.)
A sample (10.8 g.) of the steam distillate was separated
by gas chromatography (S1 gum 110°%) to yield (1) low boiling
components (not collected), (2) the adduct (4.56 g.).
Therefore, yleld of adduct is 26% based on cyclopentadiene,
Cc, 46.05;

n23 1,430 + 0.001. Analysis calc'd. for C,H.CIF

7 3}
H, 3.3, Found: C, 46,265 H, 3.28%, The infrared spectrum
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showed medium C-H absorption, weak C=C absorption and absorp-
tion attr{butable to C~F and C-Cl, The proton and 19p Nn.Mm.T.
spectra suggested a mixture of at least four isomers, which
were probably the isomers of the 1,4- and 1,2-adducts., On

standing the adduct darkened.

Attempted Additlon of Octafluorobutene-2 to Isopropenylacetylene

A 300 ml. autoclave was charged with hydroquinone (0.6 g.).

Isopropenylacetylene (10.0 g.,) was vacuum distilled into the
autoclave followed by octafluorobutene-2 (42.3 g.). The
autoclave was sealed under vacuum and heated at 120° for

16 hr.

On opening the autoclave, volatile material (44,8 g.)
distilled out to leave a residual liquid which was greater
than 95% 1sopropenylacetylene with a trace of higher bolling
material. The 1sopropeny1acety1ene was allowed to evaporate
to leave é small brown viscous liquid residue, Total recovery

of starting material was 90%.

V. FUTURE WORK

»

The reaction of CH2=CBrCF3 with butylllthium to give

CH2=CL10F3 will be carrled out. The organometallic reagent
will be transformed into CH2=C=CF2 for U. S. Rubber and
Peninsular ChemResearch, Inc. The reagent will also be
used in further syntheses of varlous molecules contalning

the CH2=C(CF3)- group.
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Free radical reactions of allyl 1odides with tetra-
fiuoroethylene wlll be studied a5 a possibie route for
aining CH2=CHCH2CFZCFZI. It is hoped that the 1odide

will react with NO to give the corresponding nitroso

compound.
The reaction of nitrosyl chloride with CH2=CHCH2CF=CFC1,
CH2=CHCHZCF=CFBr and CF2=CFCFZCF=CF2 will be studied.
APPENDIX

The following compounds were prepared and shipped tc
S. Hubber:

A-Trifluoromethvlstyrene (23 g.)

1,1,1-Trifluoropentadiene-2,4 (10 g.)

3-Acetoxy~3-trifluoromethylbutene-1 (43 g.)

5s6~Difluoro-5,6-b1 (trifluoromethyl )norborn-2-eve (15 g.)

Crude 5,6-dicrloro-5,6~-difluoronorborn-2-ene (0 g.).
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